Observations on cancer of the bladder, among dye workers and other groups susceptible to the action of external carcinogens, suggest that a certain proportion of tumours previously considered to be spontaneous may in fact be produced by chemical carcinogens derived either from the environment or from the metabolic processes of the organism itself (Boyland, Wallace & Williams, 1955a, b) . The investigations of Hueper & Wolfe (1937) , Hueper, Wiley & Wolfe (1938) , Bonser (1943) , Bonser, Clayson, Jull & Pyrah (1952) and others have shown that a number of o-aminophenols can induce cancer of the bladder in mice and dogs. The o-aminophenols 3-hydroxykynurenine and 3-hydroxyanthranilic acid are metabolites of tryptophan and are present in human urine both in the free state and conjugatedas sulphuric and glucosiduronic esters. Boyland & Watson (1956) have shown that insertion of pellets containing 3-hydroxyanthranilic acid into the urinary bladder of mice induces cancer in a statistically significant proportion of animals. The present work deals with a system which has been evolved for the extraction of six metabolites of tryptophan from urine and their estimation. Preliminary reports of this work have already been published (Boyland & Williams, 1955a, b) . EXPERIMENTAL Materials. Anthranilic acid, DL-kynurenime and 3-hydroxyanthranilic acid were purchased and recrystallized. 3-Hydroxy-DL-kynurenine, the gift of Professor A. Butenandt, was prepared by the method of Butenandt & Hellmann (1950) . 3-Hydroxyanthranilic acid sulphuric ester was prepared by the method of Boyland & Sims (1954) . 3-Hydroxy-DL-kynurenine sulphuric ester was prepared by the action of potassium persulphate on DL-kynurenine ). Glucosaccharo-1:4-lactone (Kemball, Bishop and Co. Ltd., Crown Chemical Works, London, E. 3) was supplied in solution containing glucosaccharo-3:6-lactone, glucosaccharic acid and glucosaccharo-1:4-lactone, the last forming about 40 % ofthe total solid. An amount of the solution equivalent to 4 g. of glucosaccharo-1:4-lactone was administered daily.
Preliminary ex,traction of urine Activated charcoal (British Drug Houses Ltd.) was deactivated by the method of Synge & Tiselius (1949) . This preparation has been used for the extraction of tryptophan metabolites from rat urine by Dalgliesh (1952) . Preliminary experiments were carried out with columns (1 cm. in diameter and 1 cm. long) of charcoal deactivated with various amounts ofstearic acid. A solution ofthe substances to be estimated (25 jsg. of each dissolved in 25 ml. of water) was passed through the charcoal column, the column was then washed with 25 ml. of water and eluted with aqueous phenol (5 %, w/v) and the eluate collected in 10 ml. portions. Each fraction was evaporated to dryness and dissolved in water (5 ml.), and the eluted substances were estimated by their fluorescence, with an Electronic Photofluorometer 12 A (Coleman Electric Co., New York). The results obtained with charcoal of various degrees of deactivation are shown in Fig. 1 . They indicate that a column deactivated with 7-5 % (w/v) of stearic acid gives an optimum recovery, and the charcoal of this activity has been used throughout the present work.
Urine (25 ml.) was passed through the charcoal column, followed by water (25 ml.), and then the adsorbed substances were eluted by phenol solution (50 ml., 5% w/v). The eluate was evaporated to dryness, 10 ml. of methanol added and the liquid again evaporated to dryness. The residue was dissolved in a minimum of water and transferred to the partition column. and decanted from the deposited impurity.
Apparatus. The apparatus used for gradient elution from a partition column, shown in Fig. 2 (not drawn to scale), is a modification of that used by Morris & Williams (1954) .
The reservoir A was filled with light petroleum and the reservoir B with amyl alcohol containing dodecylamine, and both were placed in position on the U-tube EF with taps T1, T2 and T. closed. Taps T1 and T. were opened and the liquids adjusted so that the interface was at the junction p. The apparatus was then assembled and T3 opened. Etimation. The eluate from the partition column was collected in 100 fractions and each fraction adjusted to 1 ml. if any evaporation had taken place. Freshly redistilled ethanol (2 ml.) was added to each tube, the mixture shaken and the amountsof thevarious substanceswereestimated on the Unicam SP. 500 spectrophotometer. Fig. 3 shows the positions of peaks in the ultraviolet spectra of the substances. Kynurenine and its derivatives show peak values between 360 and 375 mv., and anthranilic acid and its derivatives between 320 and 330 m&. These compounds were therefore estimated at 365 and 330 m,. respectively and compared with standard solutions of the pure substances. The separation obtained by using this system is shown in Fig. 4 . In this experiment the pure substances (50 pg. of each) were introduced at the top of the column as described above and the eluate was collected. Fig. 4 20 (10-27) 12 (6-19) 5 (2-9) 5 (3-6) 1 (0-3) 4 (2-6) (0.13-0*71) (0.24-1.8) (0.37-0.77) (0.9-6.6) Boyland et al. (1955a, b) suggested that 3-hydroxyanthranilic acid and 3-hydroxykynurenine may, in their unconjugated forms, be responsible for the induction of cancer of the bladder in human subjects, as 3-hydroxyanthranilic acid has produced cancer of the bladder in mice (Boyland & Watson, 1956 ). The present results show that the two oaminophenols and their immediate precursors in the metabolic breakdown of tryptophan are present in greater concentrations in the urine of patients with cancer of the bladder than in normal subjects (Table 2 ). The differences in the output of these substances in 24 hr. are still greater because the urine volumes of the bladder-cancer patients, who are encouraged to drink large volumes of fluid, are about twice those of the normal subjects. Thus the mean daily output of 3-hydroxyanthranilic acid was 31 mg. for the nornal subjects and 150 mg. for the bladder-cancer patients.
Administration of DL-tryptophan (10 g.) increased the excretion of all the substances estimated but the increases in the kynurenine derivatives were much greater than in the anthranilic acid derivatives (Table 2) .
Patients suffering from cancer ofthe bladder have abnormally high fi-glucuronidase and sulphatase activity (Boyland et al. 1955a, b) . It is unlikely that the sulphatase plays any considerable part in the production of free carcinogens, because the sulphuric esters of o-anminophenols are either resistant to hydrolysis by sulphatase or are hydrolysed slowly (Boyland, Manson, Sims & Williams, 1956) . Treatment of cancer patients with glucosaccharo-1:4-lactone causes a decrease in excretion of anthranilic acid, 3-hydroxyanthranilic acid and kynurenine, and an increase in excretion of the sulphuric esters. The apparent decrease in excretion of 3-hydroxyanthranilic acid is presumably due to inhibition of ,B-glucuronidase causing reduced hydrolysis of 3-hydroxyanthranilic acid glucosiduronate in the urine as the saccharolactone is a potent inhibitor of glucuronidase (Levvy, 1952) .
A number of such patients are now under treatment with glucosaccharo-1:4-lactone in the hope that reduction of excretion of free 3-hydroxyanthranilic acid will delay the recurrence of the disease. SUMMARY 1. Anthranilic acid, 3-hydroxyanthranilic acid, 3-hydroxyanthranilic acid sulphuric ester, kynurenine, 3-hydroxykynurenine and 3-hydroxykynurenine sulphuric ester can be removed quantitatively from urine by use of a column of deactivated charcoal, and these six tryptophan metabolites can be separated and estimated by chromatography by a gradient-elution partition system.
2. Urines frompatients with cancer ofthe bladder contain more anthranilic acid, 3-hydroxyanthranilic acid, kynurenine and 3-hydroxykynurenine and less 3-hydroxyanthranilic acid sulphuric ester and 3-hydroxykynurenine sulphuric ester than urines from normal subjects.
3. Treatment of bladder-cancer patients with glucosaccharo-1:4-lactone appeared to reduce the excretion of anthranilic acid and 3-hydroxyanthranilic acid and to increase the excretion of 3-hydroxyanthranilic acid sulphuric ester and 3-hydroxykynurenine sulphuric ester.
4. A-ministration of 10 g. of DL-tryptophan increased the amounts of all these substances in the I956 urine, particularly the kynurenine derivatives. Bladder-cancer patients dosed with tryptophan excreted larger amounts of anthranilic acid, 3-hydroxyanthranilic acid and 3-hydroxykynurenine.
We The cytochrome system in bacterial cells varies from species to species, as shown by the positions of the absorption bands and by other properties of the individual components (Smith, 1954a) . Thus cellfree preparations from certain bacteria lack cytochrome c oxidase activity (Keilin & Harpley, 1941) , even when they are made from organisms in which the absorption bands of cytochrome lie at the same position as those found for heart muscle (Smith, 1954b) .
The earlier work was based upon direct spectroscopy of intact cells (Smith, 1954a) and only recently have some cytochrome components from bacteria been extracted and purified. Egami, Itahashi, Sato & Mori (1953) obtained a soluble cytochrome from halotolerant bacteria, and in the same year Vemon (1953) and Elsden, Kamen & Vernon (1953) isolated from the photosynthetic bacterium Rhodo8pirillum rubrum a pigment similar in several ways to cytochrome c. The pigment was, however, not oxidized by cytochrome c oxidase preparations. Postgate (1954, 1955, 1956 ) described a soluble cytochrome from the sulphatereducing bacterium De8ulphovibrio de8lphurican8, and Gibson & Larsen (1955) have isolated two cytochromes from Chlorobium thio8uWphatophilum. Kamen & Vernon (1955) have studied the catalytic activity of purified cytochromes of the 'c' type from facultative photoheterotrophs as well as from denitrifiers and found that in most cases the bacterial pigments failed to react with cytochrome c oxidase from heart muscle. They also reported (Kamen & Vernon, 1954 ) that a 'c'-type cytochrome and its oxidase from Azotobacter vinelandii reacted only with each other and could not be linked to a cytochrome c-cytochrome oxidase system from animal tissues.
The present paper deals with the extraction, purification and propertieis of two cytochromes from A. vinelandii, and their specific activity in the cytochrome and succinic oxidase systems in particulate preparations from the same bacterium. The soluble pigments are called here cytochromes C4 and c5 because in some essential properties they closely resemble cytochrome c. They were extracted from the cells by means of n-butanol, by a procedure similar to that of Morton (1950) . Cytochrome c0 has so far been isolated only in small amounts and has thus been less completely characterized than cytochrome c4. A preliminary account of this work has already been published (Tissibres & Burris, 1956 ).
